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EgyptAbstract Data for age, growth and mortality were analyzed forMerluccius merluccius collected by
trawling from the Egyptian Mediterranean waters off Alexandria during the period from March
2009 to February 2011. Total length ranged between 14 and 43 cm. The age was estimated by otolith
radius and it was found that the maximum age was 4 years for males and 6 years for females. The von
Bertalanffy growth parameters for males were L1= 58.97 cm, K= 0.158 yr
1, t0 = 0.235 yr
1,
and w1= 2305.1 g, for females L1= 69.21 cm, K= 0.133 yr
1, t0 = 0.271 yr
1, and
w1= 5557.05 g and for combined sexes L1= 74.19 cm, K= 0.119 yr
1, t0 = 0.2819 yr
1, and
w1= 5237.85 g. The values of growth performance Q for females were (2.801) higher than that
for males (2.741). Estimated total, natural, ﬁshing mortality rates and exploitation rate for males
were (Z= 0.507 yr1, M= 0.3963 yr1, F= 0.1107 yr1 and E= 0.218) respectively, for females
(Z= 0.518 yr1, M= 0.3379 yr1, F= 0.1803 yr1 and E= 0.348) and for combined sexes
(Z= 0.513 yr1,M= 0.309 yr1, F= 0.2047 yr1 and E= 0.3987). Length and age at ﬁrst capture
were Lc = 14.34 cm and Tc = 1.99 yr
1 for males and Lc = 19.34 cm and Tc = 2.74 yr
1 for
females.
ª 2014 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries.Introduction
While Merluccius merluccius is one of the principal target
species of trawl ﬁshery in western Mediterranean (Alheit andPitcher, 1995), yet it is represented by marginal percent in
Egyptian ﬁsh catch. It is of low abundance at shallow depths
(lesser than 100 m), Hashem (1972) reported that
M. merluccius was the most dominant ﬁsh catch in Egyptian
Mediterranean waters at depth between 100 and 200 m.
Despite the intensive investigations of age composition and
growth of M. merluccius in many countries of the world
(Aldebert, 1981; Iglesias and Dery, 1981; Go`ni, 1983; Wurtz
and Matricardi, 1986; Oliver et al., 1990; Alegria and Jukie,
1990; Lucio et al., 2000; Godinho et al., 2001; Pin´eiro and
Sainza, 2003; Belcaid and Ahmed, 2011), there are very few
studies on this species that deal with the age and growth in
Table 1 Relation between total length (L) cm and otolith radius (O) (·20) of M. merluccius in the Egyptian Mediterranean waters.
Total length (cm) Males Females
Av. Otolith radius (·20) Av. Otolith radius (·20)
No. Obs. Calc. O/L No. Obs. Calc. O/L
14 2 4.84 4.80 0.346
15 5 5.21 5.12 0.347
17 7 5.80 5.76 0.341
18 10 6.08 6.08 0.338
19 10 6.38 6.39 0.336
20 16 6.70 6.71 0.335
21 21 6.96 7.03 0.331
22 26 7.32 7.35 0.333
23 15 7.65 7.67 0.333 6 7.52 7.65 0.327
24 10 7.95 7.99 0.331 9 7.81 7.93 0.325
25 10 8.28 8.31 0.331 11 8.22 8.21 0.329
26 12 8.62 8.63 0.332 17 8.56 8.49 0.329
27 12 8.93 8.95 0.331 8 8.64 8.77 0.320
28 22 9.28 9.27 0.331 7 9.21 9.04 0.329
29 19 9.49 9.59 0.327 6 9.33 9.32 0.322
30 5 9.88 9.91 0.329 11 9.65 9.60 0.322
31 10 10.23 10.23 0.330 8 10.02 9.88 0.323
32 8 10.58 10.54 0.331 8 10.26 10.15 0.321
33 6 10.93 10.86 0.331 7 10.47 10.43 0.317
34 3 11.26 11.18 0.331 4 10.60 10.71 0.312
35 4 11.03 10.99 0.315
36 5 11.21 11.27 0.311
37 6 11.66 11.54 0.315
38 6 11.88 11.82 0.313
39 5 12.11 12.10 0.311
40 3 12.32 12.38 0.308
43 3 13.00 13.21 0.302
Total no. 229 134
Average O/L 0.333 0.321
Figure 1 Relationship between Otolith radius (·20) and total
length of M. merluccius in the Egyptian Mediterranean waters.
164 A.E. Philipsthe Egyptian Mediterranean waters (Abd El-Aziz, 1976;
Soliman, 1992).
The present study is an attempt to understand various
biological aspects: age, growth, mortality, exploitation rate,
length and age at ﬁrst capture and growth performance in
the Egyptian Mediterranean waters so as to compare them
with that obtained by some authors from other parts of theworld. It is also an attempt toward management of hake’s
ﬁshery in Egypt.
Materials and methods
Samples of 363 ﬁshes were collected from the Egyptian Medi-
terranean waters off Alexandria obtained from trawl catch
during the period from March, 2009 to February, 2011.
For every ﬁsh, the total length (L) was measured to the
nearest (mm). Otolith was taken for age determination. The
von Bertalanffy growth model was computed according to
Ricker (1975). The maximum age (tmax) was determined as
tmax ¼ 3Kþ t0 (Beverton, 1963). The index of growth perfor-
mance Q was determined according to Morcau et al. (1986).
Q= Log K+ 2 log L1. Total mortality (Z) was estimated
from the slope of descending right limb of catch curve
(Ricker, 1975). The annual mortality (A) was computed as
A= I  S, where S is the survival rate which was calculated
as S= e–z (Ricker, 1975).
Natural mortality (M) was calculated using the general
regression equation of Pauly (1983).
LogM= 0.0066 0.279 log L1+ 0.6543 log K+ 0.4634
log T. where L1 and K are the von Bertalanffy parameters and
T is the mean annual water temperature.
Table 3 Growth parameters for males, females and combined
sexes of M. merluccius from the Egyptian Mediterranean
waters.
Parameters Males Females Combined sexes
L1 58.970 69.211 74.193
K 0.158487 0.132962 0.119339
t0 0.234713 0.270999 0.281918
Q 2.74123 2.80112 2.81751
tmax 19.16 22.83 22.60T
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Age composition of the European hake Merluccius merluccius, Linnaeus, 1758 165Fishing mortality (F) was calculated as F= Z M
(Beverton and Holt, 1957). Exploitation rateðEÞ ¼ F
Z
was
calculated according to Pauly (1983). The length at ﬁrst
capture (Lc) was estimated using the formula [Lc =
L0  k(L1  L0)/Z] as given by Beverton and Holt (1957).
The corresponding age (tc) was obtained by converting
Lc using the von Bertalanffy growth equation Tc ¼
1
k
ln 1 Lc
L1
 þ t0).Results
Relation between total length and otolith radius
The relation between body length (L) and otolith radius (O)
was found to be represented by the following equations
(Table 1, Fig. 1).
Males L ¼ 1:034264þ 3:132877 O r2 ¼ 0:9916
Females L ¼ 4:544304þ 3:598666 O r2 ¼ 0:9979
The values of O/L ratio did not show any trend with change
of length. The average value of O/L for males was 0.334 and
for females was 0.318.
Growth in length
The mean length at time of capture and the average back cal-
culated lengths at different age groups for 363 ﬁsh (229 males
and 134 females) are given by the following equation:
Ln ¼ On  Lt
Ot
where Ot: the length of otolith of the ﬁsh at the time of caught
in micrometer division ·20, On: the length from the focus of
otolith to ring ‘‘n’’, Lt: total length of the ﬁsh at capture in
cm, Ln: total length of the ﬁsh at the corresponding to each
of any of the rings measured on the otolith.
Data of the length at the time of capture as well as the cal-
culated lengths at the end of each year of life for males,
females and combined sexes are given in Table 2 which shows
that males were recorded to have ages varying from 1 to
4 years, while females from 2 to 6 years. It also shows that
both males and females attain higher growth rates during
the ﬁrst year of life (36.32% and 27.76% respectively). This
growth rate obviously decreases during the following succes-
sive years.
Table 4 Age composition for males, females and combined sexes of M. merluccius as obtained in the present study.
Age groups (years) Males Females Combined sexes
No. % frequency No. % frequency No. % frequency
I 7 3.06 7 1.93
II 65 28.38 18 13.43 83 22.87
III 98 42.79 53 39.55 151 41.60
IV 59 25.76 32 23.88 91 25.07
V 20 14.93 20 5.51
VI 11 8.21 11 3.03
Total no. 229 134 363
Figure 2 Age composition for combined M. merluccius in the
Egyptian Mediterranean Waters off Alexandria.
166 A.E. PhilipsGrowth parameters
The von Bertalanffy constants for growth in length, and
growth performance index Q are provided in Table 3. The
obtained results show that females have higher asymptotic
length L1, maximum age (tmax) and growth performance
(Q0) than males. This indicates that females live longer and
have higher growth performance than males.
Age composition
The age composition of M. merluccius is given in Table 4 and
graphically represented in Fig. 2. It is clear that the population
of M. merluccius in the Egyptian Mediterranean water off
Alexandria consists mainly of six age groups (I–VI), of whichTable 5 Fishery parameters for males, females and combined sexes
Parameters Males
Total mortality (Z) 0.5070
Survival rate (S) 0.6023
Annual mortality (A) 0.3977
Natural mortality (M) 0.3963
Fishing mortality (F) 0.1107
Exploitation rate (E) 0.2183
Length at ﬁrst capture (Lc) 14.34
Age at ﬁrst capture (Tc) 1.99
Length at ﬁrst sexual maturity (cm) 21.8age group III having length range 22–29 cm, with mean
25.6 cm comprised the main bulk of the catch all over the year
representing 41.6%, of the examined samples.
Mortality and rate of exploitation
Table 5 shows that the instantaneous total mortality (Z) was
higher in females (0.5182 yr1) than in case of males
(0.507 yr1).
Natural mortality rate (M) was higher for males
(M= 0.3963 yr1) than for females (M= 0.3379 yr1), while
ﬁshing mortality (F) was higher for females
(F= 0.1803 yr1) than for males (M= 0.1107 yr1), and
accordingly, the exploitation rate for females (E= 0.3479)
was higher than for males (E= 0.2183). According to
Gulland (1971), the yield is considered optimum when the
exploitation ratio E= 0.5, or when F=M. In the present
study it was observed that both E and F for males and females
were less than that the mentioned values. These results indicate
that the stock of M. merluccius in the Egyptian Mediterranean
waters is under exploited.
Length and age at ﬁrst capture
The length at ﬁrst capture L50 is identiﬁed as the length at
which 50% of the ﬁsh are vulnerable to the ﬁshing gears
(Beverton and Holt, 1957). The calculated lengths at ﬁrst cap-
ture in the present study were 14.34 and 19.34 cm for males
and females respectively (Table 5), These lengths were smaller
than their lengths at ﬁrst sexual maturity which were 21.8 cm
for males and 24.0 cm for females as recorded by Philips and
Ragheb (2013) i.e., these ﬁshes are captured before reaching
their sexual maturity.of M. merluccius as obtained in the present study.
Females Combined sexes
0.5182 0.5134
0.5956 0.5985
0.4044 0.4015
0.3379 0.3087
0.1803 0.2047
0.3479 0.3987
19.34 15.60
2.46 2.26
24.0 –
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Age composition of the European hake Merluccius merluccius, Linnaeus, 1758 167The corresponding ages of the length at capture (tc) were
found to be 1.99 years for males, 2.74 years for females and
2.26 years for combined sexes.
Discussion
Table 6 shows the length of M. merluccius by the end of each
year of life according to various authors in both Northeast
Atlantic and Mediterranean (Bagenal, 1954; Robles et al.,
1975; Iglesias and Dery, 1981; Lucio et al., 2000; Pin´eiro and
Sainza, 2003, Abd El-Aziz, 1976; Aldebert, 1981; Mugahid
and Hashem, 1982; Soliman, 1992). This shows higher values
for NE Atlantic than Mediterranean.
It is important to assess whether such diversity is due
to differences in the populations with different rates of
growth (Figueras, 1965), Mugahid and Hashem pointed
out that the growth of individuals living in relatively dee-
per water was much faster than those living in shallow
water due to changes in the environment and feeding
conditions.
Table 7 shows that females in the present study reach lar-
ger sizes and grow older than males, a similar pattern of dif-
ferential growth reported by Pineiro and Sainza (2003) in
Iberian, and also by De Pontual et al. (2006) in the Bay of Bis-
cay. Greater and faster growth in females than males is a com-
mon phenomenon in many species of demersal ﬁshes (Landa
and Pin´eiro, 2000), and may be related to differences in
metabolism, oxygen consumption or level of surplus energy
between reproduction and somatic growth (Pineiro and
Sainza, 2003).
The phi-prime test (ø) was used to compare the growth
parameters L1 and K for the combined sexes and those
obtained in other studies by several authors in different regions
(Table 7) within the same geographic area, values obtained
from our growth parameters and those of Soliman (1992) were
the same, while those of Iglesias and Dery (1981), Wurtz and
Matricardi (1986), Oliver et al. (1990) gave lower values,
and higher values were reported by Go`ni (1983), Alegria
and Jukie (1990), ICES (1991,1993), Lucio et al. (2000),
Godinho et al. (2001), Pin´eiro and Sainza (2003), De Pontual
et al. (2006). Finally Belcaid and Ahmed (2011) also reported
higher values.
These variations in population parameters and asymp-
totic length (L1) of M. merluccius in different areas
(Table 7) can be attributed to different conditions of food
and temperature prevailing in these areas (Bruton, 1990).
Water temperature can affect ﬁsh growth directly by affect-
ing the physiology of the ﬁsh (Weatherley and Gills, 1987).
Ross (1988) observed that cool waters produce larger, older
and later maturing individuals of ﬁsh species than warm
waters.
The length at ﬁrst capture Lc in the present study was
estimated as Lc = 14.34 cm and 19.34 cm for males and
females respectively which correspond to the second year
of life at the same time, it was smaller than the length at
ﬁrst maturity as recorded by Philips and Ragheb (2013)
where it was 21.8 cm for males and 24.0 cm for females
i.e., these ﬁshes are captured before their ﬁrst spawning
period.
So, we can say that the ﬁsh must be caught at least at
25.0 cm total length to get the chance to spawn even once.
Table 7 Growth parameters of M. merluccius obtained by several authors in different regions.
Authors Regions K L1 t0 Q’ Tmax
Aldebert (1981) Gulf of Lion 0.166 62.5 0.1669 2.81 17.91
Iglesias and Dery (1981) Iberian 0.060 99.0 2.740 2.78 47.26
Go`ni (1983) Morocco 0.064 110.0 0.760 2.89 46.88
Wurtz and Matricardi (1986) Ligurian Sea 0.2095 49.9 0.373 2.72 13.95
Oliver et al. (1990) Adriatic Sea 0.1 78.4 0.7 2.79 29.3
Alegria and Jukie (1990) Balearic Island 0.097 92.83 0.692 2.92 30.24
ICES (1991) Iberian 0.080 100 1.420 2.90 36.08
Soliman (1992) Egyptian Mediterranean 0.18 61.0 0.1 2.83 46.57
ICES (1993) Bay of Biscay 0.073 127.5 1.130 3.07 39.97
Lucio et al. (2000) Bay of Biscay 0.12 110 0.452 3.16 25.45
Godinho et al. (2001) Northeast Atlantic 0.089 110.6 0.97 2.99 32.74
Pin´eiro and Sainza (2003) Iberian Males 0.18 70 0.97 2.9455 15.69
Females 0.13 89 1.15 3.0172 21.93
Combined sexes 0.128 89.9 1.17 3.0147 24.61
De Pontual et al. (2006) Bay of Biscay Males 0.181 80 0.724 3.0639 15.85
Females 0.122 110 0.619 3.1691 23.97
Combined sexes 0.21 108 0.115 3.389 14.40
Belcaid and Ahmed (2011) Moroccan Males 0.28 72.45 1.174 3.63 10.43
Females
Combined sexes
Present study Egyptian Mediterranean 0.15849 58.97 0.2347 2.7412 19.16
0.13296 69.211 0.2710 2.8011 22.83
0.11934 74.193 0.2819 2.8175 22.60
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